Characterization of a cytosolic malate dehydrogenase cDNA which encodes an isozyme toward oxaloacetate reduction in wheat.
Malate dehydrogenase (MDH), which is ubiquitous in nature, catalyzes the interconversion of oxaloacetate and malate. Higher plants contain multiple forms of MDH that differ in co-enzyme specificity, subcellular localization and physiological function. Cytosolic NAD-dependent MDH (cyMDH) is one class of MDH that has not been extensively characterized in plants. Here we report the cloning of a cDNA from wheat by RT-PCR and cDNA library screening, which is designated as TaMDH. Sequence analysis indicated that TaMDH exhibits a highly similarity to other plant cyMDHs. Immunological analysis confirmed that TaMDH encoded a cytosolic NAD-dependent MDH. The secondary and three-dimensional structures of TaMDH were analyzed by molecular modeling. DNA gel-blot analyses demonstrated that TaMDH gene exists as two copies in the wheat genome. RNA and protein gel-blot hybridization indicated that both TaMDH mRNA and protein were constitutively expressed in vegetative tissues of wheat, with slightly lower levels in roots than in leaves and stems. In silico analysis indicated that TaMDH was also expressed in various reproductive tissues and tissues under many different stress conditions. Kinetic analysis of bacterially expressed and purified protein confirmed that TaMDH catalyzed a reaction driven towards malate synthesis, which is consistent with other cyMDHs. Evolutionary analysis showed that this class of genes evolved from a very ancestral gene. The cyMDH represents an ancestral form of MDH, which is highly conserved in plants, animals and bacteria. This implies that cyMDHs are housekeeping genes and may have very essential functions in plant metabolism.